The aim of this study was to determine the way in which loudspeaker systems with the analog and digital crossover networks were subjectively evaluated. The object of the study were two loudspeaker systems, diering in both the position of speakers on the front panel of enclosure and conguration of the crossover networks: 2.5-way and 3-way systems with the slope of frequency response of 12 dB/octave in the cut-o regions. The investigations were conducted for 5 angles from the front hemisphere in the horizontal plane. Test signals were fragments of music and speech. The recordings of these signals were conducted in an anechoic chamber using an articial head and then presented to the listeners through headphones. Five normally-hearing listeners aged 1850 years took part in the experiment. Listening tests were carried out in two stages. In the rst stage listeners were listening to test signals grouped in triads and their task was to identify pairs of signals the most and the least similar to each other. In the second stage a parametric evaluation was performed. It consisted in assigning ve numbers, corresponding to the intensity of the attribute of perception space (evaluated on a scale of 010) to each of test signals. The attributes of perception space included: sharpness, clearness, fullness, lack of distortions and loudness. Using the method of multidimensional scaling and correlation analysis it was possible to relate a particular dimension of the multidimensional space to the attributes of the perception space. It was found that the intrinsic attributes responsible for the subjective evaluation of loudspeaker systems with the analog and digital crossover network were sharpness, clearness and loudness.
Introduction
The problem of directional properties of electroacoustic transducers acquire a special signicance in the case of loudspeaker systems used in the process of stereophonic transmission or in the process of sound reinforcement.
The investigations carried out on loudspeaker systems revealed some essential dierences in the course of the frequency response on the system axis and outside it, particularly for the frequencies from cut-o region of crossover networks. The subjective evaluation of the loudspeaker system may depend, therefore, on the spatial conditions in which it has been performed. Directivity of sound source plays thus an important role in the process of sound reinforcement and the knowledge of directional properties of sound source is of essential importance for appropriate modeling of physical phenomena which accompany this process [1] .
The quality of the sounds reproduced by the loudspeaker systems depends signicantly on the transmission of transients. This becomes all the more obvious when one realizes that the real sounds (e.g. speech, mu- Application of the digital signal processing (DSP) technique in construction of the crossover network of loudspeaker systems enables to create their transmission properties, and hence also directional characteristics, to a much greater degree than in the analog systems [5] .
Changes in the cut-o frequency and the slope of the amplitude characteristic of the crossover lters can bring about signicant dierences in the directional characteristics of the loudspeaker systems and thus dierences in the resulting eect of sound reinforcement in a room.
The main demand as to the directional characteristics of a loudspeaker system is to ensure the uniform sound propagation into the front hemisphere. The eciency of sound propagation into the front hemisphere is ensured by a set of digital lters of FIR (nite impulse response) class [6, 7] ensuring linear phase distortions, which can- The basic assumption to perform subjective tests was that they will be carried out using headphones and therefore, in the rst step their registration should be made.
The registration of test signals was performed for ve angles in the horizontal plane: 0
• , 45
• and 60
• relative to the symmetry axis of loudspeaker system using articial head (Neumann) placed at the distance of 3 m and computer PC which also controlled rotation of a turntable.
Prior to registration, calibration of measurement setup was performed. The loudspeaker system was placed on the turntable at the angle of 0
• and articial head was replaced by the measuring microphone. Calibration signal was white noise. For each loudspeaker system under investigation the gain was adjusted so that the measured value was equal to 80 dB SPL. The investigations were conducted in an anechoic chamber.
Subjective experiments
Since the main aim of this study was to determine the eect of conversion of the analog to digital crossover network, listening tests were prepared separately for loudspeaker system LS-I and loudspeaker system LS-II. For each signal a name that identies both the type of lter (analog or digital) and registration angle was assigned.
For the loudspeaker systems with the analog lter A n and digital lter D n where n denotes numbers of successive angles for which the registration of test signals was made (see 2.2.1). The listening tests were conducted in a listening room using headphones (Sennheiser). In both experiments, 5 listeners aged 1850 years took part. Listeners were selected on the basis of the correct results of tonal audiometry i.e. their auditory thresholds were lower than 10 dB HL (hearing level).
Overall evaluation
The overall evaluation was conducted by means of the of triadic comparison method [11] . The subject's task was to determine a pair of the most similar sounds and a pair of the least similar sounds in every triad (see Note: This method requires grouping all test signals into triads (all combinations of 3 signals from the total number of signals N ). The number of these combinations (triads) denes Newton's binomial. In the described studies N = 10 (2 acoustic signals and 5 angles) and therefore the number of triads for one loudspeaker system is equal • . Therefore, the overall evaluation was performed for test signals corresponding to the angles 0
• ,
30
• . In this way, the number of triads in one test decreased to 56 (N = 8 in the above equation) and numbering has been adopted the following form:
Listening test was controlled by a computer program. Its main task was to select the successive triads containing signals that diered signicantly from each other.
Parametric evaluation
The parametric evaluation was carried out by means of the rating scale method. The subjects' task was to assess each sound on a 010 scale. These scales refer to the attributes of perception space: sharpness, clearness, fullness, lack of distortions and loudness [12, 13] . Value equal to 0 on the scale indicated a complete lack of sensation connected with given attribute while the value of 10 indicated the maximum sensation. During the listening test the subjects could refer anytime to a denition list of attributes. The attributes have been dened as follows:
sharpness the sound contains components whose mid-and high-frequency levels are to high Dimension II  A4  A3  A2  A1  A4  A1  A2  A3  A4  A3  A2  A1  A3  A4  A2  A1  LS-I D4 D3 D2 D1 D3 D2 D1 D4 D4 D3 D2 D1 D2 D1 D4 D3  A1  A3  D1 D3 A1  D2 D3 A4  A2  A3  D1 D3 D1 D2 D3 D4  A2  A4 D2 D4 D1  A2  A3 D4  A1  A4 D2 D4  A1  A2  A3  A4  A4  A3  A2  A1  A4  A1  A2  A3  A4  A3  A2  A1  A4  A1 A2  A3  LS-II D4 D3 D2 D1 D4 D2 D3 D1 D4 D3 D2 D1 D4 D2 D3 D1  A2  A1  D4 D3 D4 D3 D2 D1 A1  A3  D1 D3 D1 A2  A3  D4  A3  A4 D2 D1  A4  A3  A2  A1  A2  A4 D2 D4  A1 D2 D3  A4 clearness the sound is pure, clear; dierent instruments and voices can be easily distinguished, onsets and transients in the music can be easily perceived fullness the sound contains the entire spectrum without any limitations, at least in the bass range lack of distortions indicates a pure sound, without distortions, one which is not harsh, hiss or rumbling.
Each listener performed (during one listening session) the evaluation of individual attributes of perception space for all test signals. Every session was repeated ve times on dierent days.
Results of sub jective investigations
The results of the overall evaluation (dissimilarities between sounds) have been analyzed by the method of multidimensional scaling of individual dierences (IND-SCAL) [14] . The calculations revealed that two dimensions was the optimal number of dimensions of metric space, enabling to describe the conguration of experimental data. According to these calculations a set of arrengements of test signals in two-dimensional perception space was obtained for each loudspeaker system. The complete set of arrangements is presented in Table I .
The rankings in Table I As can be seen from the data in Table I the Table II .
Based on the results received it was possible to assign certain attributes of the perception space to dierent dimensions of dissimilarity space. As a tting criterion, the value of the correlation coecient R > 0.75 was adopted.
It can be seen easily that the correlation coecients for the Dimension II, do not meet the required criterion even in one case. Thus, in all cases, the attributes of perception space can only be assigned to the ranking in Di- 
